Time domain results are presented for the multiply scattered longitudinal intensity backscattered from a polycrystalline medium. The results are solutions to the ultrasonic radiative transfer equation (URTE), the derivation of which is based upon radiative transfer theory. Unlike steady-state solutions obtained previously, time domain solutions will more closely oarrespond to experiments that use tone burst sources. This paper is concerned with the time dependence of the backscattered longitudinal intensity from a polycrystalline medium excited by a normally incident longitudinal wave idealized as an impulsive deposition of energy. It is shown that multiple scattering effects become significant at times on the order of a mean free time or less. It is anticipated that this work may be applicable to microstructura characterization of polycrystalline, geophysical and other random media in which multiple scattering effects are important.
INTRODUCTION
Microstructural characterization of polycrystalline materials using diffuse or incoherent ultrasonic fields is becoming a powerful microstructural characterization tool.
•-6 Experiments involving diffuse fields, although requiring extensive spatial averaging, offer greater flexibility for in-situ measurements and require less stringent geometric conditions (e.g., parallel surfaces) than conventional coherent field measurements. TM Researchers have thus far been successful in characterizing polycrystalline materials through measurements of the backscattered intensity. Some of the models developed to predict the backscattered intensity for polycrystalline materials have been based on single scattering assumptions which are valid for weakly scattering materials, early times, or instances when narrowly focused beams are used. 4-6 Other models for the diffuse intensities are based on the diffusive limit in which the ultrasonic energy has scattered sufficiently many times that it can be modeled using a diffusion equation. 12']3 In many cases, however, the intermediate multiple scattering range is important. Unlike the singly scattered fields, the multiply scattered fields are sensitive to the angular dependence of the scattering amplitudes and to absorption as well as to scattering. usually done in the time domain using short tone bursts. Time domain solutions to the URTE were briefly discussed by Turner and Weaver, •4 but none were presented. In this paper we discuss these temporal solutions due to a normally incident lougitudinai wave idealized as an impulsive deposition of longitudinal energy. It is shown that the full multiply scattered field exhibits behavior dramatically different than the singly scattered field, and that the effects of multiple scattering may be significant at times on the order of a mean The results show that the multiply scattered intensity is equal to the singly scattered intensity at early times as expected. After only a few mean-free times, however, the multiply scattered solution has deviated sharply from the singly scattered solution. The multiply backscattered intensity quickly rises to a peak and then begins an asymptotic decay. As the absorption is increased, the multiply scattered solution approaches the absorptive singly scattered solution as expected. In this case, multiple scattering effects are quickly dampened out.
The peak in these solutions was rather unexpected. The energy that arrives before this peak has a large single scattering component. After the peak, however, the signal contains almost no singly scattered.,energy. The arrival time of the peak is also a function of the wave speed ratio, listening direction, and inner frequency. In fact, as the wave speeds become less disparate this peak arrives earlier in time and can become nonexistent. In this case, the intensity begins at its peak value and then decays. Thus this peak may be due to the attenuation ratio which allows the incident longitudinal energy to penetrate deeper than the shear energy which delays the return of that energy to the surface. The unexpected peak and additional structure of the multiply scattered solution underscore the added microstructural information avail- The time for the multiply scattered intensity to be significant in comparison with the singly scattered intensity can also be examined. After a certain amount of time, the multiple scattering effects will be of primary importance. These results can be put into dimensional units for greater clarity. Table I contains the time for the multiply scattered intensity to be twice that of the singly scattered. Two materials are considered: Iron which scatters strongly and aluminum 
